Background: Osteoporotic fractures are a serious public health burden, leading to excess morbidity, mortality, and high costs for post-fracture care. Objectives: To evaluate the perception of osteoporotic fracture risk and to identify potential barriers associated with osteoporosis diagnosis and treatment in US postmenopausal women. Methods: An online survey was conducted by The Harris Poll in 2017 that included 1,012 postmenopausal women 50 years and older. The survey comprised eight screening questions and 35 mandatory questions pertaining to lifestyle, general health, bone fracture awareness, osteoporosis, and demographics, with additional follow-up questions where applicable. An oversample of 102 women with osteoporosis and a fragility fracture (from a fall from a standing height or lower) yielded a total of 280 subjects with osteoporosis and a fracture. Results: A total of 1,012 postmenopausal women were included in the survey; 501 self-reported a diagnosis of osteoporosis and 511 had no known osteoporosis diagnosis. Ninety-six percent of women with a first fracture but no osteoporosis diagnosis did not recall being told by their physicians that their fracture might be related to osteoporosis. Forty-four percent of respondents reported that they had not undergone screening for osteoporosis. Among those considered at risk for osteoporosis, 42% had not undergone screening. Only 45% of women surveyed agreed that a fracture is "a potential sign of more fractures/breaks to come". Twenty-four percent believed there is no way to build new bone at their age; 18% answered that they could not do much to reduce the risk of fracture at their age. Conclusions: This survey reveals a lack of awareness of the diagnosis of osteoporosis and osteoporotic fracture risk among postmenopausal women. Future studies evaluating the perceptions of osteoporosis and its management are warranted.
Introduction
Osteoporosis is a serious yet under-recognized condition that is associated with significant adverse health and economic consequences 1, 2 . Considering that the number of individuals 65 years and older will double in the US in $4 decades (increasing from over 40 million in 2010 to more than 88 million by 2050), there is likely to be a substantial increase in the incidence of osteoporotic fractures and in the resultant socioeconomic burden. In the absence of meaningful action, as many as one in two Americans of 50 years and older (men and women) will have or be at high risk of osteoporosis by 2020 2, 3 . Nationally, the projected increase in age-related osteoporotic fractures among both sexes is estimated to be more than 48%, growing from 2.1 million in 2005 to more than 3 million in 2025. The direct costs from these fractures may exceed $25 billion in 2025, with the cumulative cost of incident fractures reaching $228 billion for the 10-year period between 2016 and 2025 inclusive 1 . Women comprise the group most affected by osteoporosis, with their age-adjusted incidence being 49% higher than that for men 4 . In 2015, more than 2 million fractures were documented in Medicare and commercial claims databases. Of these, women accounted for $70% of all fractures and represented 74% of the cost, with most fractures for women occurring between ages 75-84 years 5 . The Healthcare Effectiveness Data and Information Set (HEDIS) is a tool used by more than 90% of America's health plans to measure performance on important dimensions of care and service for a number of disease areas 6 . In the case of osteoporosis, HEDIS assesses the number of women aged 65-85 years who suffered a fracture and who had either a bone mineral density (BMD) test or prescription for a drug to treat osteoporosis in the 6 months after their fracture. The intent is to reduce the risk of fractures resulting from osteoporosis in older women 7 . A US observational study of women experiencing a first hip fracture between 2008 and 2013 showed that only 17% and 23% had evidence of osteoporosis assessment and/or treatment within 6 or 12 months of their fractures, respectively 8 . Results from a recently published survey of untreated postmenopausal women with osteoporosis and their physicians reported that patients themselves decided against pharmacological treatment in at least half of the cases of non-treatment. The most frequent reasons for this patient decision were concerns regarding side-effects, alternative non-prescription options (including behavioral modification), and questioning medication benefits 9 . It is, therefore, important to further identify and address factors that may contribute to the under-diagnosis and under-treatment of women who are at high risk for fracture.
The objective of this survey was to evaluate perceptions of osteoporotic fracture risk in a population of US postmenopausal women with and without a self-reported diagnosis of osteoporosis and to identify potential gaps in diagnosis and management of this condition.
Methods
An online survey was conducted by The Harris Poll from March 31 to April 17, 2017. Respondents were postmenopausal women 50 years and older living in the US. All respondents (not just those who met the qualifying criteria) were weighted to separate targets from the US Census Bureau's Current Population Survey (CPS) for two populations: women aged 50-64 years and women 65 years and older. All percentages were calculated to reflect weighted data. Data with a base less than 50 (i.e. 50 women or fewer in the original sample) were not reported, whereas data with a base greater than 50 respondents but fewer than 100 were deemed directional in nature. The variables used for weighting included age, education, race/ethnicity, region, household income, household size, marital status, employment status, and a propensity score, a proprietary Harris methodology that allows for a reduction in the bias inherent in selfselected online panels.
Survey respondents provided informed consent and were assured of complete confidentiality. Although subjects were not paid for completing the online survey, they received HI points (Harris Poll Online Rewards program). The survey was approved by IntegReview IRB, an accredited Institutional Review Board based in Austin, TX, and was compliant with the Health Insurance Portability and Accountability Act of 1996.
Survey questions
Subjects were asked to participate in a research survey regarding general health concerns for women 50 years and older (Supplementary Appendix). The survey comprised eight screening questions to determine eligibility. Those qualifying for inclusion were then asked 35 mandatory ("ask all") questions pertaining to lifestyle (10) , general health (3), bone fracture awareness (3), osteoporosis (4), and demographics (15). Additional questions in each of these categories were asked if a response to an "ask all" question needed follow-up. For example, if a woman answered "Yes" to this survey question-"Have you discussed osteoporosis with your healthcare provider?"-she was then asked a follow-up question ("Who initiated the conversation you had with your healthcare provider about osteoporosis?") to which four responses were offered ("I did", "My healthcare provider", "Caregiver/family member/friend", and "I do not recall"). Those who answered "No" to any of the 35 mandatory "ask all" survey questions were not asked the follow-up question. Completion time for the survey was estimated to be 20 minutes.
Subject classification
A postmenopausal subject was classified as having osteoporosis if she self-reported an osteoporosis diagnosis by a healthcare professional. She was judged to be "at risk" for osteoporosis if she replied affirmatively to any of the following known risk factors for osteoporosis: (a) currently smokes cigarettes or smoked regularly within the past 5 years; (b) consumes 3 or more units of alcohol per day (1 unit is defined as one standard glass of beer [approximately 10 oz.]; one shot of whiskey [1 oz.] ; a medium glass of wine [approximately 4 oz.]); (c) had a postmenopausal fracture; (d) father, mother, or sister has/had osteoporosis; (e) has confirmed rheumatoid arthritis; (f) currently uses or once used glucocorticoids for more than 3 months at a dose of 5 mg/day or more of prednisolone (or equivalent doses of other glucocorticoids); and (g) experienced premature menopause (i.e. menopause occurring before age 45 years). The subsequent use of the term "fracture" relates to a fragility fracture, which was defined as having a fractured/broken bone resulting from a fall from a standing height or lower 9, 10 .
Statistical analysis
To facilitate comparative analyses, the survey population of postmenopausal women was divided into one main group (all subjects [A]) and eight subgroups: women with (B) or without (C) osteoporosis; women without osteoporosis who were either at risk for the condition (D) or not at risk (E); women who had ever experienced a fracture and either had osteoporosis (F) or did not have osteoporosis (G); and women with osteoporosis who were aged 50-64 years (H) or 65 years and older (I). An oversample of 102 women with osteoporosis and a fracture was identified to augment women from the main sample who met the same criteria, yielding a total of 280 subjects with osteoporosis and a fracture. The oversample was drawn from a sample of women over the age of 50 living in the US who had indicated they had been diagnosed with osteoporosis. They were then screened to confirm those criteria along with additional criteria of having a fragility fracture. Respondents from the 26 E. M. LEWIECKI ET AL.
oversample were included only when discussing osteoporosis and a fracture. Statistical comparisons were conducted for B vs C, D vs E, F vs G, and H vs I. All data were analyzed in the aggregate. In addition, t-tests were conducted at the 95% confidence level (CL), therefore representing a p-value <0.05.
Results
A total of 1,012 postmenopausal women were included in the survey; 49.5% (unweighted; n ¼ 501) self-reported a diagnosis of osteoporosis, and 50.5% (unweighted; n ¼ 511) had no known osteoporosis diagnosis. Among women with an osteoporosis diagnosis, 69% were 65 years and older, and 35% had a prior fracture. The survey also included an oversample of 102 women with osteoporosis and a fracture. These respondents were combined with the women from the main sample who met the same criteria, for a total of 280 women with osteoporosis and a fracture. The most common self-reported comorbidities were hypertension (38% among women with an osteoporosis diagnosis and 32% among women without), thyroid disease (25% and 16%), type 2 diabetes (13% and 12%), and respiratory disease (19% and 6%) ( Table 1) . Based on the self-reported risk factors, the majority of survey respondents (64%) who had no osteoporosis diagnosis were at risk for osteoporosis.
Fractures and osteoporosis
Postmenopausal women with osteoporosis and a fracture who were informed by their healthcare provider (HCP) that their fracture could be related to osteoporosis (n ¼ 115) were asked what they thought caused their fracture prior to an HCP implicating osteoporosis. Of these, 35% answered that they had no idea that osteoporosis was to blame until told by their HCP. Thirty-four per cent of these women thought their fracture might be due to osteoporosis, but were unsure, while only 31% of women with an osteoporosis diagnosis felt sure their fracture was due to osteoporosis. According to the women surveyed who had discussed osteoporosis with their HCP, 58% of conversations with their HCPs about osteoporosis were initiated by the HCP, regardless of their risk status. HCP-initiated conversations were reported by 61% of women at risk for osteoporosis and by 49% Ã who were not at risk. However, 41% of women at risk for osteoporosis whose HCP brought up osteoporosis answered that the conversation with their HCP was started because of their age.
Fractures as a sentinel event
Only 13% of those with osteoporosis and 2% Ã of those without osteoporosis recognized that poor bone health may have caused their most recent fall-related fracture (p < 0.05). Forty-six percent of women with a fracture (43% with osteoporosis and 44% Ã without) blamed their most recent fracture on clumsiness rather than poor bone health. A further 13% of those without an osteoporosis diagnosis and 6% of those with a diagnosis attributed their fracture to balance problems brought on by medical conditions or other issues ( Figure 1 ). More than a quarter of women (29% with an osteoporosis diagnosis and 25% without) only associated fractures involving the hip and back with osteoporosis.
Many undiagnosed women with, or at risk for, osteoporosis were not aware of the risk factors for this condition. The most widely recognized risk factors among the respondents were a positive family history (76% not at risk, 78% at risk), cigarette smoking (56% for both groups), premature menopause (28% and 33%), having a small body frame (20% and 29%), consuming 3 or more units of alcohol a day (27% and 26%), use of glucocorticoid agents (19% and 25%), and decreased strength (27% and 22%). Forty-five percent of women agreed that a fracture potentially signifies future fractures, with undiagnosed women being less likely than diagnosed women to agree (43% vs 57%, respectively). However, only 18% of women at risk for osteoporosis and 14% not at risk identified having had a postmenopausal fracture as a risk factor for future fracture (Figure 2) . A total of 31% of women with an osteoporosis diagnosis and 27% without believed that drinking milk or taking calcium supplements alone would reduce fracture risk. Additionally, 24% of postmenopausal women believed that there is no way to build new bone at their age, while 21% stated that the risk of a fracture cannot be reduced at their age ( Figure 3 ).
Management of fractures
Among the 369 survey respondents who had experienced a recent fracture (272 with an osteoporosis diagnosis, 97 without an osteoporosis diagnosis), $31% and 33% Ã of women with and without an osteoporosis diagnosis who saw an HCP did not recall having a follow-up referral following their fracture event. Among those who reported that an HCP diagnosed them with their most recent fracture, 34% who had an osteoporosis diagnosis and 43% Ã without an osteoporosis diagnosis were referred to an orthopedic surgeon, 17% vs 13% to a primary care physician/geriatrician, 13% vs 8% to a physical therapist, 1% vs 2% to a rheumatologist, and less than 1% vs 0% to an endocrinologist (Figure 4) . The majority of respondents did not recall being told that their fracture could possibly be related to osteoporosis. This was more common among women with a fracture and no established osteoporosis diagnosis than among those with fracture and an osteoporosis diagnosis (96% Ã vs 61% Ã ).
Respondents without an osteoporosis diagnosis were asked, 'Have you been screened for osteoporosis?' A total of 44% of respondents reported that they had not undergone screening for osteoporosis: 42% of those at risk for osteoporosis, 48% not at risk, and 34% of those who lacked a diagnosis but had experienced a fracture. According to 61% of the women surveyed who had discussed osteoporosis with their HCPs and who were at risk for osteoporosis, their HCPs had initiated conversations with them about osteoporosis; 49% of respondents not at risk affirmed that their HCPs had done this. Forty-one percent of respondents at risk for osteoporosis who had discussed osteoporosis with their HCPs and whose HCPs brought up osteoporosis answered that they thought the conversations with their HCPs about osteoporosis were started because of their age.
Respondent views on the treatment of osteoporosis
When asked about current and prior prescription medication for osteoporosis, 24% of women with self-reported osteoporosis reported prior but no current use of prescription osteoporosis medication, while 50% reported never receiving a prescription for osteoporosis treatment. Younger respondents were directionally more likely to be treatment naïve than older respondents (31% of those aged 50-64 years vs 19% of those aged 65 years and older) (Supplementary Table S1 ).
Twenty-seven percent of women with osteoporosis currently receiving a prescription medication had either taken a drug holiday or stopped their medication in the past. In 47% of cases, the respondents themselves decided on the holiday, and, in 48% of cases, their HCP recommended it.
Sixty-nine percent of women surveyed who were unaware that various treatment options are available for osteoporosis that build new bone or strengthen existing bone were willing to discuss these options with their physician. When women were asked about the type of medication they believed would be used first after an osteoporosis diagnosis, 88% of survey participants thought that first-line treatment of a fracture would be an agent designed to strengthen existing bone.
Discussion
This survey of US postmenopausal women with and without a self-reported osteoporosis diagnosis provides new insights regarding women's perceptions of this disease and its management. Based on their own self-reported risk factors, the b No current osteoporosis and at least one of the following: menopausal before age 45 years; rheumatoid arthritis; prior fracture; breast cancer; current smoker; >3 alcoholic drinks/day, has taken a glucocorticoid for >3 months at a time; mother, father, or sister has osteoporosis.
majority of survey respondents (64%) without an osteoporosis diagnosis had one or more risk factors for osteoporosis, consistent with the hypothesis that one in two Americans 50 years and older will have or be at high risk for osteoporosis by 2020 2 . Further, the finding that 34% of those with a fracture without an established diagnosis of osteoporosis did not recall having undergone diagnostic testing is consistent with the low rate of diagnostic testing reported by other investigators. The HEDIS Osteoporosis Measure assessment requires women aged 65-85 years who suffered a fracture be screened with a BMD test or prescribed osteoporosis treatment within 6 months following the fracture 7 . However, in a retrospective claims-based study of 1.6 million women without a history of an osteoporosis diagnosis or osteoporosis drug therapy (2008-2014), Gillespie and Morin 10 found screening rates of only 21% for women aged 50-64 years, 27% for women aged 65-79 years, and 13% for women 80 years and older. Only 24% of those with incident hip fractures were screened for osteoporosis following their fracture. In addition to the low diagnosis rate reported by our respondents, many women who had been diagnosed with osteoporosis under-estimated the significance of the condition and the consequences of sustaining a fracture. The survey further revealed patients' lack of awareness of poor bone health as a risk factor for fractures and the importance of a sentinel fracture as a consideration for an increased future fracture risk. The current survey results suggest that at least one quarter of postmenopausal women believe that osteoporosis is associated only with hip and back fractures. This finding is troublesome, in that broad-based national surveillance programs estimate that between 2001 and 2007 more than 1 million American men and women 50 years and older were treated in hospital emergency departments for falls resulting in forearm or wrist fractures. After controlling for age, fracture rates are on average 3.1 times greater in women than in men. Eighty percent of fractures occurred in women, with rates increasing with age older than 50 years 11 . Moreover, a wrist fracture in women 65 years and older has been found to increase by 48% the odds of experiencing a clinically important functional decline over time 12 . Misperceptions about the causes and consequences of fractures, coupled with poor guidance and missed opportunities for education from HCPs, are likely to contribute to a low likelihood of treatment initiation and adherence. Results from a recent survey of patients with osteoporosis and their physicians found that some patients may perceive osteoporosis severity differently from their physicians and have different concerns regarding the disease and its management 13 .
Thus, improved communication between physicians and their patients regarding disease severity and future fracture risk may facilitate shared treatment decision-making. Although our survey did not include HCP perceptions, nor was there linkage to medical records to verify if communication was documented, respondents' recall of the absence of such communication is suggestive of a potential gap and an opportunity to address HCP perspectives in the future. Importantly, our survey suggests that HCPs may not effectively communicate to women the risk of having osteoporosis and its impact on future fractures.
Limitations
A key limitation of this survey is the generalizability of its findings to other individuals with, or at risk for, osteoporosis. Survey questions were directed at postmenopausal women, and responses to many questions were dependent on the age of the respondent. Additionally, physician perception, which may have provided more detailed insight into barriers associated with osteoporosis diagnosis and treatment, was not included in the survey. Another limitation is the inherent conflict between self-reported measures and what, in fact, occurred, including recall bias and lack of validation against medical records or physician perspectives. For example, among patients who lacked an osteoporosis diagnosis but had experienced a fracture, the survey did not make clear if screening was done prior to fracture occurrence or aftersomething that would likely have been gleaned from clinical records. Given the robust size of the survey population, however, we believe the likelihood of data distortion in our survey was small. Lastly, the survey was designed to be completed in 20 minutes, requiring us to restrict the number of ask-all and follow-up questions to a limited number of tightly focused topics.
Conclusions
These survey findings support the view that postmenopausal women could benefit from more education about osteoporosis. There is a need for increased awareness among women that a fracture is a sentinel event requiring evaluation and early intervention to reduce future fracture risk. Heightened disease awareness may enable patients to self-advocate to help ensure they are assessed for osteoporosis and, when appropriate, receive non-pharmacologic and pharmacologic therapy to reduce fracture risk. On the basis of the current survey findings, we recommend that future research focuses on (1) validation of patient responses with medical records (for disease severity and risk factors); (2) evaluation of alignment between patient and physician perception of causes and management of fractures; (3) opportunities to improve communication regarding osteoporosis, fracture risk, and interventions to reduce fracture risk; and (4) exploration of a broader range of topics. Given the number of different specialties that treat osteoporosis, further education of HCPs regarding guidelines and treatment options for optimization of fracture risk management is warranted. 
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